Availability of rapid, point-of-contact analytical methods would facilitate the use of breast milk vitamin A concentration (BMVA) to assess vitamin A (VA) status. We compared BMVA concentrations measured by high-performance liquid chromatography (HPLC) (the standard technique) with those by iCheck FLUORO, a new portable fluorometer that can rapidly quantify BMVA. Casual breast milk samples (n = 154) were collected during a representative survey in Yaoundé and Douala, Cameroon. Milk fat and BMVA concentrations (by iCheck) were measured in fresh milk in the field. After storage at o − 20°C, BMVA concentrations were also measured by HPLC. BMVA values from the two methods were highly correlated (R 2 = 0.72 for BMVA/l; R 2 = 0.62 for BMVA/g fat, both P o 0.0001). HPLC values were greater than iCheck values on average, and the difference increased with increasing BMVA. The iCheck FLUORO could be useful for monitoring fortification programs, but before-after surveys to assess change in BMVA concentrations should use one method consistently. (2014) 68, 938-940; doi:10.1038/ejcn.2014 published online 16 April 2014 Breast milk vitamin A (BMVA) concentration has been recommended as an indicator of maternal vitamin A (VA) status and intake, as well as VA intake of the breastfed infant.
Breast milk vitamin A (BMVA) concentration has been recommended as an indicator of maternal vitamin A (VA) status and intake, as well as VA intake of the breastfed infant. 1 To interpret BMVA concentrations in single samples, milk fat should be measured and appropriate procedures must be followed to minimize exposure to light and heat during sample collection, storage and processing. 1 Laboratory analysis of BMVA by high-performance liquid chromatography (HPLC (the standard analytic technique)) is time-consuming and requires substantial technical and financial resources. Thus, simple, low-cost, point-of-contact methods to measure BMVA are desirable to reduce the cost and technical burden of sample handling and analysis and to provide rapid results.
The iCheck FLUORO (Bioanalyt GmbH, Teltow, Germany) is a portable fluorometer, which performs rapid, quantitative analysis of BMVA, serum/plasma retinol and the VA content of VA-fortified foods. Although performance of the iCheck for BMVA measurement has been assessed using human and cow milk samples in the laboratory, 2 the iCheck has not been compared with HPLC for measurement of breast milk samples collected during a population-based survey.
We measured BMVA concentrations by both HPLC and iCheck in the context of a representative, cross-sectional survey designed to evaluate the impact of a food fortification program on micronutrient status among women and children in Cameroon. Ethical and administrative approvals were obtained from the Human Subjects Committee at the University of California, Davis and the Cameroon Ministry of Public Health.
Within each of the two cities of Yaoundé and Douala, 15 clusters and 5 lactating women per cluster were selected as described in a previous study. 3 Women were eligible to provide casual breast milk samples if the breastfed child was at least 1 month old (n = 154 milk samples). After the infants were breastfed for exactly 30 s, the mother manually expressed 5-10 ml of milk from the same breast. Milk collection and processing were conducted under dim light, and all containers were covered with foil. Milk fat concentration was measured in triplicate in fresh milk by the 'creamatocrit' method. 4 BMVA values in fresh milk samples were measured using the iCheck FLUORO according to the manufacturer's instructions. Immediately after swirling the milk to ensure homogenous distribution of fat, 0.5 ml of breast milk was injected into the iEx MILA reaction vials using the kit syringe. The vial was shaken for 30 s, left to settle for 5 min, wiped clean and inserted into the instrument for measurement. The mean ± s.d. of daily control vial measurements was 1212 ± 7 μg retinol equivalents (RE)/l (coefficient of variation = 0.6%; target range = 900-1600 μg RE/l), and the VA concentrations of all samples were within the instrument's linear range (50-3000 μg RE/l).
After aliquots for milk fat and BMVA measurement by iCheck were removed, remaining milk samples were remixed, aliquoted into cryotubes and frozen at o − 20°C during storage and transport to the United States. After~3 months of storage, BMVA concentrations were measured using a reverse-phase HPLC system (Class VP, Shimadzu, Kyoto, Japan). 5 Milk samples were thawed and vortexed before saponification for 1 h at 60°C in ethanolic KOH with pyrogallol. Retinal (O-ethyl) oxime was added as an internal standard. 6 Retinol was extracted into hexane, dried under nitrogen and reconstituted in methanol before measurement with a 3-μm, C-18 column and a mobile phase of 68% acetonitrile, 20% isopropanol and 12% methanol by volume.
Infant formula from the National Institute of Standards and Technology (NIST) (SRM 1849) was measured in each analytical run using the same technique. Retinol concentrations of the unknowns were calculated by comparing the ratio of retinol to retinal oxime in the NIST formula with that in the unknowns. The measured retinol concentration of the NIST formula, quantified using NIST serum (SRM 968e), was within 2% of the certified value. Within-and between-day coefficients of variation for NIST formula measurements were 3.6% and 13.4%, respectively (PROC VARCOMP procedure, SAS 9.3; SAS Institute Inc., Cary, NC, USA).
Data were analyzed using SAS 9.3 survey procedures, and Bland-Altman plots were constructed to assess agreement between the two methods. 7 The iCheck measurements were conducted before we were aware of the recommendation to insert a 'blank' vial into the iCheck instrument to correct for background noise before measuring the VA concentration of milk samples. Thus, we also assessed the effect of applying an estimated 'blank' correction to the iCheck measurements by subtracting an estimated 'blank value' of 30 μg RE/l from each value measured by the iCheck.
Mean ± s.e. milk fat content was 51.7 ± 3.5 g/l. BMVA concentrations measured using the two methods were highly correlated (R 2 = 0.72 for BMVA/l; R 2 = 0.62 for BMVA/g fat, P o 0.0001 for both) (Figures 1a and b) . HPLC values were higher than iCheck values on average (Table 1) , and the difference between the two methods increased with increasing BMVA (Figures 1c and d) . Application of the estimated blank correction slightly decreased BMVA values as measured by iCheck, but did not meaningfully change the results.
We compared BMVA as measured by HPLC with that by the iCheck FLUORO, as the two measurements would be used in practice for population assessment. The strong correlation between iCheck and HPLC results suggests that the iCheck instrument could be useful for rapid assessment and monitoring of VA status. Given the absolute differences in BMVA between the methods, 'before--after' surveys to assess the change in VA status based on BMVA should use one method consistently, and additional standardization is needed before using the iCheck for research purposes. VA status, as assessed by BMVA, was adequate according to both techniques, consistent with previous data from women in this area. 8, 9 The number of cases of low BMVA was inadequate to examine the 
